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Abstract
In this study, a non-pa-rametric method of 
data envelopment analy-
sis (DEA) was applied to 
analyze the efficiency of
farmers, distinguish bet-
ween efficient and ineffi-
cient farmers and identify 
wasteful uses of energy in 
potato production in the 
province of Ardabil, Iran. 
For the purposes of this 
study, data were collec-
ted from 60 potato farms 
using a face-to-face ques-
tionnaire in May-June 
2012 and farms were se-
lected based on a random 
sampling method. The 
following results were obtained for this study: from a 
total of 60 farmers considered for the analysis, 28.33% 
and 40.00% were found to be technically and pure 
technically efficient, respectively. The average values 
of technical, pure technical and scale efficiency scores 
of farmers were 0.881, 
0.923 and 0.954, res-
pectively. The optimum 
energy requirement was 
found to be 89786.21 
MJ ha-1, indicating that 
14.43% of the total en-
ergy input could be sa-
ved while maintaining 
a constant level of po-
tato yield, if the present 
study’s recommenda-
tions are followed. Out 
of the total energy sa-
vings, the contribution 
of chemical fertilizer 
energy was the highest. 
Energy use efficiency 
was calculated at 1.08 
and 1.26 in the present 
and target conditions 
respectively, indicating that the optimization of en-
ergy use improved energy use efficiency by 16.86%.
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Energy in all its forms is essential to humanity and is 
crucial to the improvement of the quality of life. The 
continuous increase in energy demand, the inevitable 
decline in fossil fuel reserves and growing climate 
change concerns have sparked a number of initiatives 
from governments around the world to increase energy 
production from renewable sources (Quintero et al., 
2008). The relation between agriculture and energy 
is very close. Agriculture itself is an energy user and 
supplier in the form of bio-energy (Alam et al., 2005). 
Energy use in agriculture has developed in response 
to population growth, limited supply of arable land 
and the aspiration to a better standard of living. In all 
societies, these factors have encouraged an increase 
in energy inputs to maximize yields, minimize labor-
intensive practices, or both (Esengun et al., 2007).
Potatoes (Solanum tuberosum L.) are grown worldwide 
under a wider range of altitude, latitude, and climatic 
conditions than any other major food crop, and from 
sea level to over a 4000 meter elevation. No other crop 
can match the potato in its production of food energy 
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and food value per unit area (Sieczka et al., 1993). It 
is also high in vitamin C, niacin and vitamin B6. Yet, 
the potato plant has one of the heaviest production 
demands in fertilizer inputs of all vegetable crops. 
Its nitrogen (N), phosphorus (P) and potassium (K) 
requirements are, respectively, 100, 100 and 33% 
greater than those required in the tomato or pepper 
plant production (Maynard et al., 1997). As a result, 
potatoes are grown in countries where the prevailing 
mean air temperatures are around 15-18 °C during the 
growing season and rainfall or irrigation provide ample 
water (Ben Khedher et al., 1985). 
There are several parametric and non-parametric tech-
niques to measure efficiency in agricultural production 
systems. Data Envelopment Analysis (DEA) is a non-
parametric linear programming (LP) based technique of 
frontier estimation for measuring the relative efficiency 
of a number of decision making units (DMUs) on the 
basis of multiple inputs and outputs (Mousavi-Avval 
et al., 2012). In recent years, many authors have 
applied DEA in agricultural research: Mousavi-Avval 
et al. (2011) employed the DEA technique to analyze 
the efficiencies of apple producers in the province of 
Tehran in Iran. Results indicated that 11.3% of total 
energy input could be saved if the recommendations of 
this study are followed. Mobtaker et al. (2012) applied 
a DEA approach to determine the efficiency scores of 
alfalfa producers with regard to eight input parameters 
of machinery, diesel fuel, seed, human labor, farmyard 
manure, fertilizers, biocides and electricity energy 
inputs, and the alfalfa yield as the output parameter. 
The results showed that 9.4% of input energy could be 
saved if the farmers followed the results recommended 
by this study.
The aim of this research is to analyze the input and 
output energy for mechanized cultivation in potato 
production using a data envelopment analysis approach 
in Iran’s Ardabil province. It also identifies operations 
where energy savings could be made by changing the 
practices in use in order to increase the energy ratio and 
propose improvements to reduce energy consumption 
in potato production.
2. Materials and Methods
In this paper, the DEA approach was used to analyze 
the data with the aim of optimizing the performance 
measure of each production unit or each potato farm 
and determining the most favorable ones. The data used 
in this study were collected from 60 potato farms in 
Ardabil, Iran. This province is located in the northwest 
of Iran, within 34˚ 04 n and 39˚ 42 n north latitude and 
47˚ 02 n and 48˚ 55 n east longitude. Data were collected 
from the growers by using a face-to-face questionnaire 
filled in May-June 2012. Farms were randomly selected 
from the villages in the study area and the selection 
of potato producers was based on a random sampling 
method (Kizilaslan, 2009; Mobtaker et al., 2010).
These data included the volume of the inputs used in 
potato production such as human labor, machinery, 
diesel fuel, chemical fertilizer, biocide, water for 
irrigation and seeds, and the potato yield as an output. 
Each farmer was called a Decision Making Unit 
(DMU). To calculate technical efficiency all inputs and 
output must be weighted. Therefore, the inputs and 
output were transformed into energy terms by multiply 
their quantity per unit area by the coefficient of energy 
equivalence. Table 1 shows the amounts of energy 
inputs and output in potato production. As can be seen, 
there is a wide variation in the quantity of energy inputs 
and output for potato production. This indicates that 
there is a great scope for optimizing energy use and 
improving the efficiency of energy consumption by 
potato production in the region.
2.1. Data envelopment analysis technique
The DEA is an analysis method to measure the relative 
efficiency of a homogeneous number of organizations 
that essentially perform the same tasks (Cooper et al., 
2006). In this case, they are potato production farms. So, 
the values of energy consumed from different energy 
inputs (MJ ha-1), as mentioned above, were defined as 
input parameters, and the yield of potato production 
(kg ha-1) was defined as the output parameter. Also, 
each farmer was called a DMU. The data analysis 
was carried out with the help of the Frontier Analyst 
software.






















































In DEA, an inefficient DMU can be made efficient 
either by reducing the input levels while holding the 
outputs constant (input oriented); or symmetrically by 
increasing the output levels while holding the inputs 
constant (output oriented) (Mousavi-Avval et al., 
2011). The choice between input and output orientation 
depends on the unique characteristics of the set of 
DMUs under study. In this study, the input oriented 
approach was deemed to be more appropriate because 
there is only one output while multiple inputs are used 
(Galanopoulos et al., 2006). 
DEA has two models including the CCR and BCC 
models. The CCR DEA model was developed by 
Charness et al. (1978) and assumes constant returns to 
scale. It measures the technical efficiency by which the 
DMUs are evaluated for their performance compared 
to other DMUs in a sample (Cooper et al., 2006). On 
the other hand, the BCC DEA model developed by 
Banker et al. (1984) assumes variable returns to scale 
conditions. It decomposes the technical efficiency into 
pure technical efficiency for management factors and 
scale efficiency for scale factors. Thus, pure technical 
efficiency is the technical efficiency that has the effect 
of scale efficiency removed (Mousavi–Avval et al., 
2011a). Scale efficiency gives quantitative information 
of scale characteristics; it is the potential productivity 
gain from achieving the optimal size of a DMU. Scale 
efficiency can be calculated by the relation between 
technical and pure technical efficiencies as below 
(Nassiri et al., 2009):
The concept of three types of efficiencies is graphically 
illustrated in Figure 1 where  the straight line of MN 
that passes through the origin and the extreme data 
point presents the envelope of the data set with constant 
returns to scale, while the envelope of the data set with 
variable returns to scale is depicted by a piecewise line 
joining P1, P2, P3 and P4. The DMU situated on the 
MN line is considered as efficient and has a technical 
efficiency score of 1. Also, all the DMUs situated on the 
piecewise line (P1, P2, P3 and P4) have a pure technical 
efficiency score of 1. Finally, the scale efficiency for 
DMUs that have both a technical and pure technical 
efficiency score equal to 1 is unity, such as P2, whereas 
it is less than one for the other DMUs (Mousavi–Avval 
et al., 2011b).
Considering DMU 7 (P7) in Figure 1, its input and 
output are given by AD and MA, respectively. B and C 
(1)
Ebrahimi, Ajabshirchi, Abdi, and Mobtaker / ISESCO Journal of Science and Technology - Volume 10, Number 17 (May 2014) (61-68)
64
are the points of intersection of the AD line with the MN 
line and the piecewise line of the envelope of the data 
set. One can infer from this that AB is the ideal input 
required to produce output B on MN, if a constant return 
to scale is to prevail. However, if considering a variable 
return to scale, one can relax the input requirement to 
be equal to AC to be able to produce output B on MN. 
One can now define the various efficiencies as follows 
(Chauhan et al., 2006):
In the analysis of efficient and inefficient DMUs, the 
energy saving target ratio (ESTR) index was used as 
follows (Hu et al., 2007):
where the energy saving target is the total reducing 
amount of input that could be saved without decreasing 
the output level and j represents the jth DMU. ESTR 
represents the inefficiency level for each DMU with 
respect to energy use. The minimal value of energy 
saving target is zero, so the percentage of ESTR will 
be between zero and 100. A zero ESTR percentage 
shows the DMU on the frontier, such as efficient ones. 
On the other hand, for inefficient DMUs, the ESTR 
percentage is larger than zero and means that energy 
could be saved. A higher ESTR percentage implies 
higher energy inefficiency and a higher energy saving 
amount (Hu et al., 2007).
3. Results and Discussion
The results of BCC and CCR DEA models are 
illustrated in Figure 2. The results revealed that many 
of the farms in the sample are operating at near or 
full efficiency for all the model specifications. From 
the total of 60 farmers considered for analysis, 24 
farmers (40.00%) had a pure technical efficiency score 
of 1. Moreover, from the pure technically efficient 
farmers, 17 farmers (28.33%) had the technical effi-
ciency score of 1. From efficient farmers, 17 had a 
scale efficiency of unity. From the efficient farmers, 
17 were fully efficient in both the technical and pure 
technical efficiency scores, indicating that they were 
globally efficient and operating at the most productive 
scale size. However, the remaining 7 pure technically 
efficient farmers were only locally efficient ones as a 
result of the disadvantageous conditions of scale size.
From inefficient farmers, 12 and 18 farmers had 
technical and pure technical efficiency scores in the 
0.9–0.99 range. This means that the farmers should 
be able to produce the same level of output using their 
efficiency score at its current level of energy input when 
compared to its benchmark which comprises the best 
performers with similar characteristics. These results 
are similar to those of Fraser and Cordina (1999) and 





Figure 1. Geometric interpretation of different efficiencies
(Chauhan et al. 2006)
Figure 2. Efficiency score distribution of potato producers
Ebrahimi, Ajabshirchi, Abdi, and Mobtaker / ISESCO Journal of Science and Technology - Volume 10, Number 17 (May 2014) (61-68)
65
Table 2 shows the three estimated measures of effi-
ciency. The results revealed that the average values 
of technical efficiency, pure technical efficiency and 
scale efficiency scores were 0.881, 0.923 and 0.954, 
respectively. Moreover the technical efficiency varied 
from 0.612 to 1, with the standard deviation of 0.109, 
which was the highest variation between those of pure 
technical and scale efficiencies. The wide variation in 
the farmers’ technical efficiency implies that all the 
farmers were not fully aware of the right production 
techniques or did not apply them at the proper time in 
the optimum quantity (Mohammadi et al., 2011).
Mobtaker et al. (2012) applied the DEA technique to 
optimize the energy required for alfalfa production in 
Iran. They reported that the technical, pure technical 
and scale efficiency scores were 0.84, 0.97and 0.89, 
respectively. In another study, the optimization of 
energy consumption for soybean production was 
investigated and the technical, pure technical and scale 
efficiency scores were reported at 0.853, 0.919 and 
0.926, respectively (Mousavi-Avval et al., 2011b).
The optimum energy requirement and saving energy of 
various farm inputs for potato production based on the 
BCC model results are given in Table 3. The results 
revealed that the total optimum energy requirement 
for potato production was 89786.21 MJ ha–1. Also 
the percentage of total saving energy in optimum 
requirement over total actual use of energy was 
calculated as 14.43%, indicating that by following the 
recommendations of this study, about 151412 MJ ha–1 
of total input energy could be saved on average while 
maintaining a constant output level of potato yield. 
Mobtaker et al. (2012) reported that on average, about 
9.4% of the total input energy for alfalfa production in 
Iran could be saved.
The shares of the various sources from total input 
energy saving are presented in the last column of Table 3. 
Results revealed that the highest contribution to the 
total energy saving was 79.06 % by chemical fertilizers 
followed by irrigation water (13.95) and diesel fuel 
(4.84) energy inputs. Thus, a considerable amount of 
input energy can be saved by improving the use pattern 
of these inputs in the surveyed region. Also the shares 
of human labor, machinery and biocides energy inputs 
were relatively low, indicating that they had been used 
in the right proportions by almost all the farmers. 
Mohammadi et al. (2011) also reported that chemical 
fertilizers have the highest contribution to total energy 
saving in kiwifruit production. The high contribution 
of fertilizer energy inputs showed that not all the 
farmers were fully aware of proper time and quantity 
of fertilizer usage. Therefore,  providing farmers with 
information and changing their incorrect practices can 
prevent loss of energy and also harmful impacts on 
the environment. The elevated contribution of water 
for irrigation energy resulted from the low efficiency 
of ancient irrigation methods that cause high water 
wastage in potato production.
The improvements of energy indices for potato pro-
duction are presented in Table 4. Energy use efficiency 
was calculated as 1.08 and 1.26, in present and target 
energy use, respectively, with an improvement of 
10.64%. Also, energy productivity, specific energy 
and net energy gain in target conditions were found to 
be 0.35 kg MJ-1, 2.85 MJ kg-1 and 23643.79 MJ ha-1, 
respectively. Mousavi-Avval et al. (2011) determined 
energy use efficiency for apple production at 1.16 and 
1.31 in present and target use of energy, respectively.
In Table 5, the pure technical efficiency (PTE), actual 
energy use and optimum energy requirements from 
different energy inputs for 36 inefficient farmers are 
presented. Using this information, it is possible to 
sensitize a producer about better operating practices 
by following his/her target energy requirements from 
different inputs to reduce the input energy levels to 
the target values while maintaining the output level 
presently achieved by him. The information gives 
average energy usage in current and optimal conditions 
(MJ ha-1) and percent contribution of total saving 
energy over actual use. Therefore, the dissemination of 
these results will help improve efficiency of farmers 
in potato production in the surveyed region. As can be 
seen from the last column of Table 5, for inefficient 
farmers the ESTR percentages change from 1% to 
42%, with an average of 10%.







































































TABLE 2. Average technical, pure and scale efficiency of potato farmers
Particular Average SD Min Max

























TABLE 4. Improvement of energy indices for potato production
Items Unit Present Optimum quantity Difference (%)








































































































































































































































































































































































































































































































































































































































































TABLE 5. The source wise actual and target energy use for inefficient farmers in the potato production (based on BCC Model)
























Actual energy use (MJ ha-1) Optimum energy requirement (MJ ha-1)
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Conclusion
In this study, energy use efficiency in potato production was investigated using a data envelopment analysis 
approach. The results revealed that potato production depends mainly on chemical fertilizers, irrigation water 
and diesel fuel energy inputs. Consequently, the input-oriented BCC and CCR DEA models were used to estimate 
the energy efficiencies of farmers. Based on the study’s results, the average values of technical, pure technical 
and scale efficiency scores of farmers were found to be 0.881, 0.923 and 0.954, respectively. Also, chemical 
fertilizers energy had the highest potential for improvement, followed by irrigation water and diesel fuel energy 
inputs. Additionally, about 14% of the reduction potential in energy input utilization could be achieved if all 
potato farms are operated efficiently. It is suggested that new policies, such as providing information to farmers 
and using of modern irrigation techniques, are to be implemented to increase energy use efficiency. Finally, 
employing the non-parametric DEA method is confirmed as a very useful tool for benchmarking and improving 
energy efficiency in agricultural production. The use of this methodology provides important knowledge about 
the wasteful uses of energy by inefficient units.
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